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{ mm 1 ] ( a ) jg^fl^^Bco^ A- y^'tc D- 
mii^mw.mL<^±m^z A3 8$#.*> ^. a, a ^ nvi^i^ 

T'S>l.*i. A3{iAiJ:0<iai'^*'Isit:T$>'), AjiO 

cis««2] frieA4{iA2j:oav^*»iiitT-j>i.::i: 

[ tS*3l 3 ] mtimimW.(7)±mz A, J: 0 #t 
VrnMA ] H5fe^l^«tS«co^ffi{c A, i OtiiK 

(is^jae] frie ( b ) gpgmtw. 
( c 1) fiifSB#SH>ne¥9*««io^ffi{:>'N-->'';yx^ 
a-rsp§$: $ hf,zists:i t ^mLt -ri. n 1 t^iee 

[it*]S7] fSim.m^izmm.-^wMmm-htz)fi 
i.z^ ffie ( a ) St/ ( b ) gpgt ( c 1 ) m^^ts^ 

■fhzt mmt^hmm. e iztm<7)m^mmmim 

( c 2 ) mm^i$.$mm±mmizMx^ixt:T^m 
ftS:i^*-r^7t:J/)tc. mii^m»miR<7)±miz/-<-=j^ 

(>^z'ttsz t imttimm 1 ^zsivtm^FismM 
[ imm 1 0 ] mmm^ mm^mmmm-^t: 

ib^z. mM{a)m{b) mt ( c 2 ) mi: 
0^:=^«*&Xdf-A$:l-t-<^';Ui:L, 

s:fg-ri. i t tsit^^s izimm^mmm 

(il^Jai 1 3 A,St/A2<ifil^'ilA3SVA4 fclS] 



CiS^iI 12 3 ( a ) JSi^«^.«gSc7)^^ yvN'lCo 
-T -f > § ^S*a«C0^ B , B#^.*^ A, B 2 B# 
^tX'miV-X:i'Xi:J'<lW^yyi-m^t. 

( b ) Buiemi v-x^'xbRmt^fS2 v-x/fxi 
Mzmi^mi^m<D^mizTMmm*^x ^ BsB^^s 

*»^.B6B^^^^iTv^V^i^y^^-rl.S®i: $:#tf^OT'J)-l> 
i}K B3<lB2J:0Jia<B5JiB4J:0Sv^c:t$-t#St 

[ if «fl 1 3 3 Bffi£¥3t«c^<7)^S{c B 1 J: 0 ^ 

m 1 2 (cieKcoiIi^llS^^rfe^rf W L;^cKM^m)«iO 

I m^m 1 4 3 mi^immffy^miz B^xoim 

< B2 J: '9{4^i'^*-l5lt^^|A>f>A-v^xS-c!E^:: t 

mwit-rmmi 2izimcr>m'irmmmummm 
imm 1 5 3 frisii i y-;^;<fx{iADy vsitc* 

mi 2izBmmmm^iimi:m^Lmm^m(^ 
mm. 

[mm 1 6 3 pumm^mm^mim^-t^tz 

ME ( a ) gpg^VvL ( c ) gK5-^tf-^0;<r 

■ri. >! i: imibtim^m 1 2 tie®(7)M^m«:fir 

imm 1 7 3 frie^liE^K^i ;<fx{iN Hj/fxX'f) 

[l6B3cOif*H^ittHB3 
COOO 1 3 

mizm, mmi^ziim^mmmiimimLmm^m 

mmmmizmi-i. 

C00023 

[mmm ^mm'Fmmizii\,^xii. K\>^i,zm 
m-rm'smisim:s.m!i'^'(f^Kmmm-ritiMz 
m^-tmmmtm.mmzim^^r. nm^mm (t 

iNB. TaNm. WN^^i:') ^r^^ttLxmmmz 
Sffl4$€l.%^A**«.. tzbtli, COB(Capacitor 0 
ver Bitl i ne) mm^^fi^^ t U cO^ittCfc I, ^ 
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10003] bz^ti. m.^i'^m<ommi)^iSit 

->'{topology) A«|!5^ia±{CtiJo L . XA- 7 ^' 'J y^im 
^iatc^rl.. ztuzxf). if^msm* (cvD):fT 

■m^zx mm^mm ( wt, r c v D-mm^mm j t 
[ 0 0 0 4 ] c V D -mm±mm<r)mtiimii. 

a {c^ ^^^vyymMmmmm ( t r}v 

i C 1 4$-^Sy-X;<fXi: Ltfieffl-fSCVD-KS 
^SlSogJJtlSlCt . 2 0 0 Q - c mOT^it«l5i 

5. t*>L, 6oo•cl^Ulo;t^^^l|itam^TKS^® 

Tt|fclO-l?--v;UVN'>''x V h (theriiBlbudget)*^:*:# < 

^t;:, S i ny':?^' h^t'rny^^ htc 
C VD -REM^SffiSrUffl-tSTtilfttlfi 5 0 O^COTcO 
ll^fflS*>'S*$iiS;tJ6(cffiaT'ffibttSC VD -K 
M^igMcoS?jtIS«i!e^t'J)S . T 1 Cl ,(7)J: 3 =3: 
^JSy-X;y;;S:ffiffl-rs<£iaiglfS«tL-C{i. MH 
diethyl hydrazine) $:^Jly-X;<^X(C$ ^>tC!S8D-rS 

nmmiiK z<n^^tzmm±mm<r>^m^mm 

[00 0 5] ZcoiiolzTi C UWio^r^My-x 

xn(o^mim^t?>rci^<7)--mx'ii , t d e a t (t 

etrakis diethyl amino Ti), TD M AT(tetrakis diai 
ethyl ami no T i ) i^cOtm^mikCOmmii^ $• 5 M 
OCVD-Wg^Jg^comiS*'?)!.. friSMOCV 
D-PiSifeiDgOiljilStiC HcJ:S^)a^S:l64$ 

ii-f 1= c V D - ^m-tm<^mmj.mii o is 
t:noztmmx'h^}:\>^ommh. l*'L, ivi 



^Rl,ziiX^ixX\>^X^^^imtn.i:^^l. T i Cl 
J:a^^JRy-X;y;^S-1!rlg«5fc LT«fflLTi!!jt$ii 

[ 0 0 0 6 ] T i C 1 iCOi. a ^^ay-X;;yx$: mlE 

mzm-t^cvD -mm^mmmm.mmmi:m 
m^t:ib<r)iiLmmkLx. mm^mmiB&uz 

TMmm^/f:^x-^mwmisico±mi: yy-vi^y^ 
-th-Hmt^hh. Li}^L. z<numx'y^-yi^yy-t^ 

xff)m.xm+^j:\'^Lmsisx'hhvpti>z. ^^yj< 
fy<r>s.-f]ts: miiM^f^^:um-h<n{,zmm^t^ii-'^ 
x±i^iMmmHm/hm!t^h h . 

[0007] c 1 \,zi. l^m}^^^thtz>sb<n 

m<r>-Hmt LTfi. ^K'tmm-nm ( ald ) 
m.±WM<r)m^-nmtiimifi-(^ixx\^h. la^l. m=.<n 
A L Di7mizxm^±mm<^m&-mi,ic voirmx 

OC li^-&WflS-jSf>Loot<Ra(:tlSlff*^fg 

t'i) 1. 1 V ^ d :^3r*<*) I. -If. it^mmtzmm*^ 
^~XM>ttx$m^tiicox. iz^^m^^iii 
^m^<r>miTmizmm'i-ii.zimm&mt o 

X. m(7)ALDmi<zx'om^-ri^. mmm 
lii ooA/m 1 nmtm^mmum^zitKxm 
m^m:i}mmmmzm^^t ^^ommi:^'^x\.^ 

[0008] 

t-# ^ A L Dirmmm Lfzmmmmmmmm^ 
■fhzbX'hh. 

[0009] ^^mti^tc^ 0 t^hmnm^mmt, 

Wki. mHzT-mit^'y^j:<nX^ixhXo^z-thA 

L D :fimmm Ltzwrn-mmmmmrnhz t 
xhh. 

[0010] ^wnm^ 0 tthmcnmimmM. 

<. mmz^Mmt^'Jf^j:<iiX^i\.hXol,z-t^ALD 

immm Lrzmm±mf^k)imi:mt^z t xh 

[00 11] 

htzt>(r>i?.W?f.zi. h A L D:^S:fi]ffl UzmMWM. 
^■nmt. ( a ) M^Jil|JiSSB(7)^+yA'{CD—f 

^ y7^t\.tz^^wm^m<zA{^^f^hA^\^^t. 
x-^iv-x^xijv^^i^yy-tims. ar/ ( b ) m 
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[00 12] MeA4{iA2J:'5Si->*»PH:t'l>l.c:i:*« 
C 0 0 1 3 3 frK^*««<0^®tAi J; 

[0014] mti^^m.<^±m\.zA, j: 0 «iii< t 

[0015] fFiSIS2 y-X;<fXyNVl.i/yi/g|igti(C, 

[0016] mimm.±mmmm.(^m^f,zmm-htz 

^{C, frid ( a ) g|!g=5roL ( c ) g|ig$:iftf-^cO;{f 

[0017] mti'=VMvmi::^x\iry^-r0xx'h 
[0018] mvm 1 v-x^'xw\uyywjmb-& 

XotaT-i&'&L^xX'Moh. 

[0019] mti^ 1 m/m2v-xifx<7yjvvi^yy 
m^^t>^)Vi^yyt^T^^,\.m\M,zn-x'h 0 0 

-X'h'oo^. 

[0020] witm<7)tmmmmrM&-t?>fz)sbff):^^ 

ixtz^mw.m.cr>±mz b 1 ^^t^ h^i^^tx-miy 
-x^yxsr^vuv-y^^-ri-a^, ( b ) miEi^ 1 v-x 

(CB3S#^*>/i>B4Br^^S-CVNVUx>-25^L, m^^<m 

&±^m\^iztttit:T-¥mim^tltcif>^zlii!sim 
»m.<^-kmizT-m^/f:^iB^^i^f}^t, B^^^At 

[002 1] Mfe^*»B)ic0^ai{CBi ct O^V^A>(al 

[0022] Birfe^«!««^o^atc B,x'oim<x 

[00 23] 

[^Hflosi]5i<7)jg.^] OT, miUzmmi:^mixi^ 
m^z xi>ALDfmmm Ltzmm-i^mmm^jm^z 

m<r)m&mm{i s ^ ^mm^z^mx-^ . *^b^ 



m^m'rtmzx'?-i^^'mi:^-otz^{.zi?.m^x 0 
^^tiiiiBS-r I. fca6Ctl0t$ ill. i7)T'J) s . 
[0024] <mimmm>:^ ^m'^ 1 
J: S A L D ^rffi$:?W Ltzn.&±B,mm^-nm\ii 

mm^-T) $-D-T-f y^^-rs. mil2¥^**«tc{i 

mmu\<z\t^mj.mzx^-Yy^y. t-yh^-^y 

ifa-r t yy^ixtzmz\,t , 0 1 lc0^S ^xl, 
^xy)<~^\.z<m^h.h. 

c 0 0 2 5 ] -:tr, nm.^m&x-mmA-m):.mM 

thtz.h. \:Xf^zxw^h^ 1 ■mmmx^mm.^B, 
[0026] m-mzm i ^#H§-rixji\ ^ -r a, i^^i 

J:oi,z^j:i, -:*r. Hgiemi y-x;«yx*JAVUvy/$ 

SOT, ftaWciS«$ii;tmi y-X;j!fXiO^*>-gp 

0H;TH!iieA--i/;<fx$rffim*«iA,{3 
^roTi^S, L*>L, fiieA--i;;*'x{iAiWfriiJ: 0^ 

[0027] fries 1 v-xiix t ttfi, ^^^HM 

( T i N ) <7)fl|^fgco 9 *.ffiit^E[cO^JR7t;fg ( T i ) 

tuttiTic u^yxs-fieffl-ri.. t*>^^, tic 

lf^2V-X:^XtK!^X'^lLer>^j:(3ii\,^f)^^j:mn 

x'i^mm^ 1 v-x^xt ixmx'^iztii:^m 
imtimmi>zx'mmm^^n fz^i,zmx-h 

h. fzttki. TDM AT, TDEAT^t'cOifem^rlS 
Jk^Xt^m 1 V-Xifxt LX^btloh. BuieA'-i; 

(WTISl-) . 

[ 0 0 2 8 ] iXv^t', A3B#,i^*><5 A4iefj±CJ f^t^S 
«o^ffii:A--x;>yxS:gi[Loom 1 y-x;>yxi:5j|; 
T-#l.ll2y-X;«yx$:AVl/i/y7'-ri.. TtJ'i, A3{i 
A, i 0 ^*»(5l t T'J) "9 A2 i 0 ^*^|3H: t'J) ») , A 

4^A2J:0SV^*»|ilt•r•^)•?) (AiSA3gA2. Az^A 
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a L , HI y-x t m 2 V -x^'x<n^X'mi. L 
fzm&m^:i-^yj-<cr)9\-mzmiii^-^i. -Ij. mmi>z 

)vi/yy^u.h, 

[0 0 2 9] H?ism2y-x;y^fc tTJi- ks^im 

( T i N ) (m±W.Tt% ( N ) ^#tf^'X$rffiffli-|. , 
Act-itf, Buiam2y-;^;yxi:tTNH3;y^5rffiffl 
•rS, ^>*>'?)^, B!ife®2y-X;5rxi: LTtiNHj;^' 
XJil5'Hc t flffiei? 1 y-;^^'Xi:SJCtt*«$> Og*7C« 
$r#^T'V ^>{f fc'O J: ^ ^ t.OTJ>ilffi;bil 3 

[0 0 3 0] mti<7)J:^^^X^-AX'm2V-X:9x^ 

Jvi-i^y^-rtii,mM.^mm (tin) <7);;(/j-xM,ii 

ZtM±ALD^-r: {ZZX\ ALDt-FtV^oSO 

i±mi^mR<^mizmmzm^tLt:mi'/-x;ff 
xmwm2v-x:ffxb^^ti^i:imit^ ) n 

^ffil^MWtwia^^fiTtm 1 V-xijxfs^)^-i^iJx 
tci 0^^{cK;*$ixTV^=5r(.^^®T'Mifim2y-;i.^ 

2 y-^^'x{ii|iSft*K£7)^ffi{C'f[:^6<jtcK«$ii/i 
HI y-x;<fx/i-{tTii=S:< , ^mif]^z^mt^titzw.\ 
v-xiix):.\,K%-thi,o\,ztiih. mr>x. Hiy- 
x^'X(r) 0 *>^wm.(r>±m\,z^t^i.z'm^titiz 

t\,±. ALT)^-Y<.ZXW.2V-X:^X}:.^-thXo 
tc^O, mmf^'.zi&^tixtzy^iv-x^xaiohf^- 
'J^X\,zi:y)Wi:^ixX\^^j:\^mt\i. CVD^-F 

!|?!iaW{ctR^$ii/::mi y-;^;if;^A>H2 y-;^;y;^i: 
SJE-tl.%^$rSiI|c-t5) •cm2y->^;5fxtSJC-ri, 

idtc^?.. -ecoi^m. 1 oo%a^^tt^a«-ra 

A L D FcO;SSr i: Hlfiia^^'iSV V D K t^^ 
(C 1 0 0%S:*i1^LooKg^Jgll ( T i N ) (nMMm 
a^SrWM^SM ( T i N ) Kco^^jfflSl6i± 
[00 3 1] --n. CVD:trfficO<J:-5(lCVD^-H7t; 

ttt'jM^f-r&istcj: opfM^JSM ( T i N ) imm^ 

ixiiJf, Kl*I<7)^JiEfJ5 (CI) -&Wfi*^tiSD-fl.OT'S5 



L.mi mmmxuw. i v-xi]Xb^2v-xiix 
.^i^^t-toA^n^tx) T^m.i}xx^m.%wm^m 

( HC 1 , T i C 1 , ) S:^^'y>'N'5'l-gPlC#faj-ri.. f 

c^^m, wt^ix-tzimx^-mh (CD *«^<gi(ta 

'b^i=5r<^l*ItWA?iil.^liA5R5ii:$fL?., 

fLl) C V D:fe-ffic7)>< ;!>-XAA<A L D:frai7)> ;S:xXA 
i:^OV^/clCt>A>*»i)^>-r, ALDt-F7|<J*«7)<gfi 
IS Ktzt tlM. 4 5 0°C^v^L5 0 Q'CaM) 
^zt£h(nXhh, imiiO. KM^M^iOTSStcffS 

[0032] ^\%wmx\iA^^^f>(oA^^m.x' 

1 -9-^ ^' /K T, ) T'J) 0 , F;rli<7))SWtc»S^iSM 
S:J^^-r4^^y){;:liB?iS^f>f (T, ) SrmSHIgCli 

t'sa-tixtfiv^ c<7)^, i^^ ^jix-m^i-^Ti 

NJlc7))I${im 1 mf^2V-XiiX. n-i>ijxmf 

^-mmt^iix<r)JMVi^\^:\,zi. Oiil5?iil.. 
[ 0 0 3 3 ] WIEH 1 llJ5fim^tci3i->T^*e?t 
(CI) *<KS^JaS (TIN) [*)t*tA$til.cO$rJ: 

y^^^'^(^\,z9Mx:%h. 
[0034] -t^^D*), ll2Cia^$ill.i^t, m2 
y y L^vif^r . ^^SftsS^Kco^Slw 

(i, miat^m2y-x;yxS(7)KiS^{c, rm^jSJI 

l*lliJ*A5ii!^.:^^^Ui:aE (^>:i:.t<f. Stc^E) L 
A4BJf^5r^oJgfig-tl,ltS^g)S<7)Ji3{i 1 0 kfj: 

\-^\^2Q>kmit^m\izm\^tz^\,z. ^-mm^^xt'^ 
wnz'^^\.zmi^^vzymkbyf-wmki]Xb<nK 
mt^^x'h^. ee^T, m^±mm<7iwm^^jtti 
mx^w^m^/fxnyy yi^yyi^zx D^mmi:mi 
ti^mm^zit^x , ffl^^w^^^NaM^$^o£ft7t'(t 
■c-i, i^f^ (Ti ) i,zxm^-tmm±mm'T^m 

^(01) $:^-r6Cfc*Mig{C^S, dcoiotc. 

S i: & i 0 tc^r I. , 
[ 0 0 3 5 ] Hif|g^*Etl^^Xt LTfSN Hs^yx?: 
figffl-r.?.. ::<7)J:o^J©^, mUm2V-xA'xkTM 

^mi/fx(r)m.mmm-^j:<7)x\ T^mm^/fx^ 

;<f;:^iOyNVl/i^y^^(iH 2 y-;!.;yx 5: As B$^;:)^f> A, B# 
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JCL, T-m (CI) (HC 1 ) cOJgt'BS^Jg 

[0036]TiNxCly (S)+NH3(g)-T 
i N ( s) +HC 1(g) 

BffiS^t*t)^*;<f xfi N H3 ;y;^/im:|5S«$ <7)T- 
Ii5:< . ^««!tS5 (C 1 ) t^^\^X^'xmit^^:m 

xbtx^hfioh, ^H^m-ffiW^mmmiiii 

XtLX^hiXh^, miit^X-m.ir^^fifzi^CDi:. 
\iW-j:h}(:^=-XJ^xn^-km.Hz^ttif:.-^^mi 

(CI) ti^m;^tihz.t\r^m-hh. 
[00371 <% 2 %mmm>^ %mz j: % 2 nifejg 

D'FSaetlO-^SfiS: J: O-Ji^-^itS ; SIS 

mi<r>is^m.^m'j'^^^^:ittK'thts'fX'^j:<^ n 
m.^mmcr>wMm^i^±.^Mhztti-x'% hmm- 
stutt-rs . ^2mmmm^im^ 1 mmmt pi t 
cfc a tcT i NiiSrKM^jgffit LxiBm-h^\>zmf 
hh<^x'hi>. 

[00381 03 ^#H3-tnif , *%B3t J: SIB 2 nil 

mz^^'^fih. ia3(c{i>'N--y;<rx?:a-r^js*<Bi 

*>|iItB#^^A^^>8J-rii:fC#, B,J:0«i31<rBjj: 

BtiaLi^awtcis^sii-cv^smi y-;^^^$-i^ 

m2 V-Xiix t OSiET'^i L?t;aijjeti?r^+ y^'o 
J'l-JSPtc^ftilS-tirS. <X^'^•C^ B6^^6[*.(iB6B$^,^-c^ 
eS^Sfijco^MlCA'-v'^'x ^\kLr>r)^-mm^iSX 

^/-rWf B , ^^A^h B4 B$*S X'<r>i}Xi^^Xii- 



j>.x'm^^ritzwm.±mm^h^-m^ti^m;^tih. 
^ixtzmmii^\yf<cr,^mzmmh. c^oi^ 

tc, T-m^m:i}xif^ii-iyy'/thZh\,zi:y)T-ym 
\,ZXtXl.zWP^lfz. ZZX\ miv-x^'x. m2v 

-x:f}xmT^mmi^xt ixmx'% i^mm 
tarn 1 mm.m^t^'S.mzn-x-hh , 
[ 0 0 3 9 1 m 1 %mis.t mmzm^i'/- 
xtixtT-mm^ijxm'mmn-^j:^, 
w^iix^i^cnfai^coiixmy^ y^wL=?-mmmm 

*>. 7:-mm^iiX(;)/vvi^yy\,m2V-x:^-x-^B 
^^M.t^^Bi^^tX'7mLXi,o-W<iV'yyy ( I 

tfi\iii\^x'hh. t,*>'?.^. NH3;y;^Jii 

lAt/^2 V-x^xii'mthy^ yt\mmz^x 

[00401 ^%mzi.h^2%mmcr>m^. b,b$ 

2) ^mm-rmmw ^mm\m2v-x:f}xi: 
j^)Vi^yyLtzmxT-mm^:f}x^m\!iLXf<)Vi^y 
if-rh<r>x\ nm^mw^n^-mrk^m.i^^i 0- 

[0041 1 -:^. nm.±mmim^m^^mm\.z 

LTt>, m.-^iv-x^xhW,2V-xt'xnj^)W^ 

ynzmhJMVi^\i^mB-tfimm.±mmfr>mm 
mikmBx:%h. tztut, ^\v-x^'xt'm2v 
-xijx<nm^Am^m^{zi.m%-ttai. » 

x\ zc7)X^^^m^izm&±mmT^¥imt&i}< 

mvtl<r>X'f(i 1 v-x^xtfli2V-x^X(r>j^)Ui^ 

]K$r(6l±$-ti-.5^cWKmi y-X;y;^i:IS2 V-Xifx 
OAVt-v-y/lcJff SlSVv-fJ-liSS-f Si tti 0 

i/fd 2V-xiix<r»vV'yyyvv h-^opus i i«*5Ji 

[00421 uLh-c-«i*%BBcois 1 m%2mmwiz 
}(.hmmmfs^2it%.<rmm.'kmm'v i N^Tjsj&tc 
w^%ixtz^mm^zmm.fz. ^igBH^^a 

ffl$nSBa^JB)S«iT i HWimzm.%.%tih(r)X\i 
*l6BB{±TaN^, WN^, A 1 N 
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(57) [Abstract] 

[Technical problem] The manufacture method of a barrier-metal film of having used 



the atomicHayer vacuum evaporationo method is offered. 

[Means for Solution] It is A2 time from A1 point in time to the whole surface of the 
semiconductor substrate by which loading was carried out to the chamber of atomic- 
layer vacuum evaporationo equipment. A4 time carries out the pulsing of the stage 
which carries out the pulsing of the 1st source gas, and the aforementioned 1st 
source gas and the 2nd source gas which reacts from A3 point in time all over the 
aforementioned semiconductor substrate, and although the stage which forms the 
barrier-metal film of predetermined thickness is included, A3 is characterized by it 
being later than A1 or being the same, and being earlier than A2 or being the same. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method characterized by A3 being later than A1 
although it is ** characterized by providing the following, or it being the same, and 
being earlier than A2 or being the same, (a) The stage where A2 time carries out the 
pulsing of the 1st source gas from A1 point in time all over the semiconductor 
substrate by which loading was carried out to the chamber of atomic-layer vacuum 
evaporationo equipment, (b) The stage which A4 time carries out the pulsing of the 
aforementioned 1st source gas and the 2nd source gas which reacts from A3 point in 
time all over the aforementioned semiconductor substrate, and forms the barrier- 
metal film of predetermined thickness. 

[Claim 2] The above A4 is the manufacture method of a barrier-metal film of having 
used the atomic-layer vacuum evaporationo method according to claim 1 
characterized by being later than A2 or being the same. 

[Claim 3] The manufacture method of a barrier-metal film of having used the atomic- 
layer vacuum evaporationo method according to claim 1 characterized by it being 
earlier than A1 all over the aforementioned semiconductor substrate, or passing purge 
gas from from when the same. 

[Claim 4] The manufacture method of a barrier-metal film of having used the atomic- 
layer vacuum evaporationo method according to claim 1 characterized by it being 
later [ than A1 ] earlier than A3 all over the aforementioned semiconductor substrate, 
or passing purge gas from from when the same. 

[Claim 5] For the aforementioned 2nd source gas, the aforementioned 1 st source gas 
is the manufacture method of a barrier-metal film of having used the atomic-layer 
vacuum evaporationo method according to claim 1 characterized by including nitrogen, 
including a halogen group element and the metallic element of a high-melting point. 
[Claim 6] The manufacture method of a barrier-metal film of having used the atomic- 
layer vacuum evaporationo method according to claim 1 characterized by including 
further the stage of passing purge gas all over the predetermined-time (c1) 
aforementioned semiconductor substrate after the (aforementioned b) stage. 
[Claim 7] The manufacture method of a barrier-metal film of having used the atomic- 
layer vacuum evaporationo method according to claim 6 which makes 1 cycle a gas 
supply scheme including the above (a) and the (b) stage, and a stage (c1), and is 



characterized by repeating the aforementioned cycle in order to form a barrier-metal 
film in desired thickness. 

[Claim 8] The manufacture method of a barrier-metal film of having used the atomic- 
layer vacuum evaporationo method according to claim 1 characterized by including 
further the stage which carries out the pulsing of the impurity removal gas, passing 
purge gas all over the aforementioned semiconductor substrate in order to remove 
the impurity enclosed in the barrier-metal film of the aforementioned (c2) 
predetermined thickness after the (aforementioned b) stage. 

[Claim 9] The aforementioned impurity removal gas is the manufacture method of a 
barrier-metal film of having used the atomic-layer vacuum evaporationo method 
according to claim 8 characterized by being NH3 gas. 

[Claim 10] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 8 which makes 1 cycle 
a gas supply scheme including the above (a) and the (b) stage, and a stage (c2), and is 
characterized by repeating the aforementioned cycle in order to form a barrier-metal 
film in desired thickness. 

[Claim 1 1] A1 and A2 are the manufacture method of a barrier-metal film of having 
used the atomic-layer vacuum evaporationo method according to claim 1 
characterized by being the same as that of A3 and A4, respectively. 
[Claim 12] It is the manufacture method of a barrier-metal film of B3 being later than 
B-2, and having used the atomic-layer vacuum evaporationo method characterized by 
B5 being later than 84 although it is ** characterized by providing the following, (a) 
The stage where B-2 time carries out the pulsing of the 1st source gas from B1 point 
in time all over the semiconductor substrate by which loading was carried out to the 
chamber of atomic-layer vacuum evaporationo equipment, (b) The stage which B4 
time carries out the pulsing of the aforementioned 1st source gas and the 2nd source 
gas which reacts from B3 point in time all over the aforementioned semiconductor 
substrate, and forms the barrier-metal film of predetermined thickness, (c) The stage 
where B6 time carries out the pulsing of the impurity removal gas from B5 point in 
time all over the aforementioned semiconductor substrate in order to remove the 
impurity contained in the aforementioned barrier-metal film. 
[Claim 13] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 1 2 characterized by it 
being earlier than B1 all over the aforementioned semiconductor substrate, or passing 
purge gas from from when the same. 

[Claim 14] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 12 characterized by it 
being later [ than B1 ] earlier than B-2 all over the aforementioned semiconductor 
substrate, or passing purge gas from from when the same. 

[Claim 15] For the aforementioned 2nd source gas, the aforementioned 1st source 
gas is the manufacture method of a barrier-metal film of having used the atomic-layer 



vacuum evaporationo method according to claim 12 characterized by including 
nitrogen, including a halogen group element and the metallic element of a high-melting 
point. 

[Claim 16] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 12 which makes 1 cycle 
a series of gas supply schemes including the aforementioned (a) stage or the (c) 
stage, and is characterized by repeating the aforementioned cycle in order to form a 
barrier-metal film in desired thickness. 

[Claim 17] The aforementioned impurity removal gas is the manufacture method of a 
barrier-metal film of having used the atomic-layer vacuum evaporationo method 
according to claim 12 characterized by being NHS gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the 
manufacture method of a semiconductor device, and relates to the manufacture 
method of a barrier-metal film of having used the atomic-layer vacuum evaporationo 
method in detail. 
[0002] 

[Description of the Prior Art] In manufacture of a semiconductor device, the matter 
film which adjoins in order to suppress the counter diffusion and the chemical 
reaction between the matter films which adjoin mutually is not contacted directly, and 
barrier-metal films (a TiN film, a TaN film, WN film, etc.) may be indirectly contacted 
as a medium. For example, it comes to make a barrier-metal film usually intervene 
between the lower electrode of a capacitor, and a contact plug in manufacture of a 
semiconductor memory element with COB (Capacitor Over Bitline) structure between 
the insulator layers of a capacitor dielectric film, the up inter-electrode one of a 



capacitor and an electric conduction line, beer contact between the insulator layers 
of the circumference, and its circumference etc. 

[0003] However when the surface topology (topology) of the vacuum evaporationo-ed 
front face (a barrier-metal film means the matter film front face by which vacuum 
evaporation© is carried out) where the vacuum evaporationo of the barrier-metal film 
is carried out increases beyond a limitation and manufactures a barrier-metal film by 
the physical vacuum evaporationo method like the sputtering method as the degree of 
integration of a semiconductor device increases recently, there is a trouble that the 
level difference application nature of a barrier-metal film becomes low. Therefore, in 
order for surface topology to form a barrier-metal film in a large vacuum 
evaporationo-ed front face, it comes to need the process excellent in level difference 
application nature. Thereby, the manufacturing process of the barrier-metal film 
(henceforth a "CVD-barrier-metal film") by the chemistry gaseous-phase vacuum 
evaporationo (CVD) method was proposed. 

[0004] The manufacturing process of a CVD-barrier-metal film uses the precursor 
with which a halogen group element usually like CI as metal source gas was contained. 
While the manufacturing process of the aforementioned CVD-barrier-metal film has 
the advantage which can carry out the vacuum evaporationo of the barrier-metal film 
early, out of a barrier-metal film, the halogen group element contained in the 
precursive inside of the body escapes from it, and does not come out at all, but it has 
the demerit which remains in a film as an impurity. Thus, since the halogen group 
element which comes to remain as an impurity in a barrier-metal film causes the 
corrosion of a contiguity matter film (for example, electric conduction line which 
consists of aluminum), it may make the specific resistance of the barrier-metal film 
itself increase. Therefore, although it is required that the content of the halogen 
group element which remains in a barrier-metal film should be reduced, and the 
specific resistance of the barrier-metal film itself should be lowered, the 
manufacturing process of a CVD-barrier-metal film must carry out at temperature 
high for that. For example, in order to obtain the specific resistance below 200micro 
ohm-cm in the manufacturing process of the CVD-barrier-metal film which uses 
TiCI4 as metal source gas, the vacuum evaporationo temperature of 675 degrees C of 
minimum is needed. However, if it comes to manufacture a barrier-metal film at the 
high vacuum evaporationo temperature of 600 degrees C or more, the thermal budget 
(thermalbudget) of the ground layer formed in the bottom of a barrier-metal film will 
become large, and it will come to be accompanied by subordinate troubles, like 
thermal stress arises. Especially the manufacturing process of the CVD-barrier-metal 
film performed at low temperature since the vacuum evaporationo temperature of 500 
degrees C or less is required in order to apply a CVD-barrier-metal film to Si contact 
or beer contact is indispensable. Although there is the method of adding MH (methyl 
hydrazine) further in metal source gas as low-temperature-evaporation technology 
which uses metal source gas like TiCI4, there is demerit from which the level 



difference application nature of a barrier-metal film falls in this case. 
[0005] Thus, there is a manufacturing process of the MOCVD-barrier-metal film with 
which the precursor of organic-metal systems, such as TDEAT (tetrakis diethyl amino 
Ti) and TDMAT (tetrakis dimethylamino Ti), is used by law on the other hand in order 
to solve the problem of the manufacturing process of a CVD-barrier-metal film which 
uses metal source gas like TiCI4 as a precursor The manufacturing process of the 
aforementioned MOCVD-barrier-metal film has the advantage in which it is possible 
to perform a process at low temperature from the manufacturing process of a CVD- 
barrier-metal film, without generating the trouble by CI. However, carbon is enclosed 
so much as an impurity in the film, and a MOCVD-barrier-metal film shows high 
specific resistance, and has the demerit in which level difference application nature is 
poorer than the barrier-metal film manufactured as a precursor using metal source 
gas like TiCI4. 

[0006] As other methods for solving the problem of the manufacturing process of a 
CVD-barrier-metal film which uses metal source gas like TiCI4 for a precursor, after 
forming a barrier-metal film, there is the method of carrying out Flushing of the whole 
surface of a semiconductor substrate by impurity removal gas. However, the flow rate 
of the impurity removal gas which carries out Flushing by this method has the demerit 
on which a long time starts controlling process conditions, such as a pressure in a 
chamber, since it is a-ten number or hundreds times, and whole process time is 
extended from the flow rate of the reactant gas used into a CVD process. 
[0007] On the other hand, as other methods for conquering the trouble by CI, the 
formation method of the barrier-metal film by the atomic-layer vacuum evaporationo 
method (ALD) is tried. However, when an evaporation rate is not much slow for 
applying to the manufacturing process of the semiconductor device as which mass 
production method is required since only chemical adsorption is used as a vacuum 
evaporationo mechanism while it has the advantage in which process advance is 
possible, at low temperature, although the formation method of the barrier-metal film 
by the conventional ALD method reduces the content of CI from the CVD method. 
**** has demerit although a film evaporation rate probably changes with process 
conditions when forming for example, a TiN film by the chemistry gaseous-phase 
vacuum evaporationo method — 100A of divisors, and min — it is — when it receives 
and forms by the conventional ALD method, the film evaporation rate has the demerit 
[ evaporation rate / film ] of being relative very late, compared with under lOQA / min, 
and the chemistry gaseous-phase vacuum evaporationo method 
[0008] 

[Problem(s) to be Solved by the Invention] The technical technical problem in which 
this invention tends to succeed is offering the barrier-metal film manufacture method 
of having used the ALD method which can raise a film evaporation rate conventionally. 
[0009] Other technical technical problems in which this invention tends to succeed 
are offering the barrier-metal film manufacture method of having used the ALD 



method by which an impurity's is conventionally enclosed few in a film. 

[0010] Other technical technical problems in which this invention tends to succeed 

are offering the barrier-metal film manufacture method of it not only being able to 

raising a film evaporation rate conventionally, but having used the ALD method by 

which an impurity's is enclosed few in a film. 

[0011] 

[Means for Solving the Problem] The barrier-metal film manufacture method of having 
used the ALD method by this invention for attaining the aforementioned technical 
technical problem (a) The stage where A2 time carries out the pulsing of the 1st 
source gas from A1 point in time all over the semiconductor substrate by which 
loading was carried out to the chamber of atomic-layer vacuum evaporationo 
equipment, And A4 time carries out the pulsing of the 1st source gas of (b) above, 
and the 2nd source gas which reacts from A3 point in time all over the 
aforementioned semiconductor substrate, and although the stage which forms the 
barrier-metal film of predetermined thickness is included. A3 is characterized by it 
being later than A1 or being the same, and being earlier than A2 or being the same. 
[0012] The above A4 is slower than A2. or is desirable. [ of the same thing ] 
[0013] It is earlier than A1 all over the aforementioned semiconductor substrate, or 
when the same, purge gas can be passed from from. 

[0014] All over the aforementioned semiconductor substrate, it is later than A1 and is 
earlier than A3, or when the same, purge gas can be passed from from. 
[0015] The stage which carries out the pulsing of the impurity removal gas can be 
included further, passing purge gas all over the (c) predetermined-time 
aforementioned semiconductor substrate after the aforementioned 2nd source gas 
pulsing stage. 

[0016] In order to form the aforementioned barrier-metal film in desired thickness, the 
aforementioned cycle can be repeated by making a series of gas supply schemes 
including the aforementioned (a) stage or the (c) stage into 1 cycle. 
[0017] The aforementioned impurity removal gas is ammonia gas, and it deals in it. 
[0018] In the aforementioned 1st source gas. the aforementioned 2nd source gas can 
contain a nitrogen element including a halogen group element and the metallic 
element of a high-melting point. The aforementioned purge gas is inert gas like argon 
gas, and it deals in it. 

[0019] the [ the above 1st and ] — it is mutually the same at the pulsing start [ of 2 
source gas ], and pulsing end time, and deals in it If it puts in another way, A1 and A2 
will be the same as that of A3 and A4 respectively, and it will deal in them. 
[0020] The barrier-metal film manufacture method of having used the atomic-layer 
vacuum evaporationo method by this invention for attaining a technical technical 
problem besides the above (a) The stage where B-2 time carries out the pulsing of 
the 1st source gas from B1 point in time all over the semiconductor substrate by 
which loading was carried out to the chamber of atomic-layer vacuum evaporationo 



equipment (b) B4 time carries out the pulsing of the aforementioned 1st source gas 
and the 2nd source gas which reacts from B3 point in time all over the 
aforementioned semiconductor substrate. Although the stage where B6 time carries 
out the pulsing of the impurity removal gas from 85 point in time all over the 
aforementioned semiconductor substrate is included in order to remove the stage 
which forms the barrier-metal film of predetermined thickness, and the impurity 
contained in the barrier-metal film of the (c) aforementioned predetermined thickness 
83 is later than 8-2. and 85 is characterized by being later than 84. 
[0021] It is earlier than 81 all over the aforementioned semiconductor substrate, or 
when the same, purge gas can be passed from from. 

[0022] All over the aforementioned semiconductor substrate, it is later than 81 and is 

quicker than 8-2, or when the same, purge gas can be passed from from. 

[0023] 

[Embodiments of the Invention] The desirable operation gestalt about the barrier- 
metal film manufacture method of having used the ALD method by this invention with 
reference to the appended drawing hereafter is explained in detail. However, the 
operation gestalt of this invention can deform into other various forms, and it must 
not be interpreted as the range of this invention being limited to the operation gestalt 
explained below. The explanation which referred to the following drawings is offered in 
order to explain this invention to those who had average knowledge in the industrial 
related technical field more completely. 

[0024] The manufacture method of a barrier-metal film of having used the ALD 
method by the 1st operation gestalt of the <1st operation gestalt> this invention 
carries out loading of the semiconductor substrate (not shown) to the chamber (not 
shown) of ALD equipment first. Opening which has a predetermined aspect ratio in 
the aforementioned semiconductor substrate may be formed. Electric conduction 
lines, such as a WORD line and the bit line, a contact plug, beer contact, a capacitor 
up electrode, etc. are formed in the aforementioned opening at a consecutiveness 
process, a scheme which is illustrated by drawing 1 after loading of the semiconductor 
substrate is carried out — the [ the 1 st and ] — 2 source gas and purge gas are 
supplied in a chamber 

[0025] On the other hand, a barrier-metal film consists of a compound more than the 
2 yuan system which usually contains a refractory metal and nitrogen. As a typical 
example of such a barrier-metal film, a TiN film is formed as a barrier-metal film with 
the 1st operation gestalt described below the place which can mention TiN. 
[0026] The pulsing of the 1st source gas is carried out A2 time continuing and passing 
purge gas all over a semiconductor substrate from A1 point in time first, if drawing 1 
is referred to concretely. Here, the aforementioned 1st source gas by which pulsing 
was carried out comes to be adsorbed chemically and physically by the surface 
topology of the whole surface of a semiconductor substrate. On the other hand, since 
it comes to pass purge gas all over a semiconductor substrate while the pulsing of the 



aforementioned 1st source gas is carried out among the 1st source gas by which it 
adsorbed physically, a part is removed by purge gas and discharged by the chamber 
exterior. On the other hand, it is A1 when passing the aforementioned purge gas in 
drawing 1 . However, it is earlier than A1 time, or since the aforementioned purge gas 
is continuously passed [ from ] when the same, it is later than A1 time, earlier than 
A3 time, or when the same, it may be passed [ from ] continuously. 
[0027] As the aforementioned 1st source gas, the gas which contains the metallic 
element (Ti) of a high-melting point among the composition elements of a barrier- 
metal film (TiN) is used. For example, TiCI4 gas is used as the aforementioned 1st 
source gas. Of course, if it can react with the 2nd source gas by which pulsing is 
carried out by consecutiveness, Ti being included besides TiCI4 gas, naturally any 
matter can be used as the aforementioned 1st source gas to those who had the usual 
knowledge in the technical field to which this invention belongs. For example, metal 
organic system gas. such as TDMAT and TDEAT, is used as the 1st source gas, and it 
gets. Inert gas like an argon as the aforementioned purge gas is used (below the 
same). 

[0028] Subsequently, the pulsing of the 1st source gas and the 2nd source gas which 
can react is carried out, A4 time passing purge gas all over a semiconductor substrate 
from A3 point in time. However, A3 is later than A1, or it is the same and is the same 
than A2 in whether it is early, or is the same, and A4 is later than A2 (A1 <=A3 <=A2, 
A2 <=A4, A1 !=A2, and A3 !=A4). If it puts in another way, pulsing will stop the 
aforementioned 2nd source gas at the same time it ends while ending before supply of 
the 1 St source gas was completed at least or after having begun to carry out pulsing 
all over the semiconductor substrate and completing the pulsing of the 1 st source gas 
or. After carrying out the pulsing of the aforementioned 2nd source gas, only purge 
gas is passed for A5 time all over a semiconductor substrate from A4 point in time, 
and the exterior of a chamber is made to discharge the by-product derived at the 
reaction of the 1 st source gas and the 2nd source gas. although a drawing did not 
illustrate concretely on the other hand — the case of A1=A3 and A2=A4 — the [ the 
1st and ] — the pulsing of the 2 source gas is carried out simultaneously the same 
time 

[0029] As the aforementioned 2nd source gas, the gas containing the nonmetallic 
element (N) of a barrier-metal film (TiN) is used. For example, NH3 gas is used as the 
aforementioned 2nd source gas. of course — if it is what there are the 
aforementioned 1 st source gas and reactivity and contains the nitrogen element as 
the aforementioned 2nd source gas besides NH3 gas — what thing — be — those to 
whom it being used and getting had the usual knowledge in the technical field to which 
this invention belongs ~ obvious — it is . For example, N2 can also be used as the 
2nd source gas. 

[0030] if the pulsing of the 2nd source gas is carried out by the above schemes, do 
the mechanism of a barrier-metal film (TiN) more than this only in ALD mode (it is 



here and only the 1st source gas by which ALD mode was adsorbed chemically all 
over a semiconductor substrate means the case where it reacts with the 2nd source 
gas) — there is nothing — coming . Because, it is for the pulsing of the 
aforementioned 2nd source gas to begin in the state where the 1st source gas by 
which it adsorbed physically all over the semiconductor substrate is not completely 
removed by purge gas. Thereby, not only the 1st source gas by which the 2nd source 
gas was chemically adsorbed all over the semiconductor substrate but the 1st source 
gas by which it adsorbed physically comes to react. Therefore, the thing which it 
adsorbed chemically ail over the semiconductor substrate among the 1st source gas 
The portion which is not removed by purge gas among the 1st source gas by which it 
came to react with the 2nd source gas in ALD mode, and adsorbed physically It 
comes to react with the 2nd source gas in CVD mode (here, CVD mode means the 
case where the 1st source gas by which it adsorbed physically all over the 
semiconductor substrate reacts with the 2nd source gas). Consequently, when the 
CVD mode in which the advantage and evaporation rate in ALD mode which offer 
level difference application nature 100% are quick is connected mutually organically, it 
can raise the evaporation rate of a barrier-metal film (TiN) from the conventional 
method, level difference application nature maintaining 100% substantially, the 
improvement in an evaporation rate of such a barrier-metal film (TiN) film raises the 
productivity of a semiconductor device — obvious — it is . 
[0031] Since the impurity (CI) content in a film increased when the vacuum 
evaporationo of the barrier-metal film (TiN) was carried out by the process which 
advances only in CVD mode like the CVD method on the other hand, it already 
explained that an elevated-temperature process is required, the [ however, / while 
the 1 st source gas and the 2nd source gas react with the 1 st operation gestalt (at A3 
point in time to the A4 time) ] — after completing the pulsing of 2 source gas, the 
impurity gas (HCI, TiClx) derived from the reaction by-product by the method which 
purges the whole surface of a semiconductor substrate by predetermined-time inert 
gas (at A4 point in time to the A5 time) is discharged to the chamber exterior 
Consequently, the problem which an impurity (CI) falls out, does not come out at all 
within the film by which vacuum evaporationo was carried out and is enclosed in a 
film is prevented. That is, in order to usually reduce the content of an impurity, in 
spite of having connected with the mechanism of the ALD method the mechanism of 
the CVD method by which an elevated temperature is demanded, the low- 
temperature process (for example, for 450 degrees C or 500 degrees C) of a ALD 
mode level becomes possible. The thermal budget of the ground film which exists in 
the lower part of a barrier-metal film not only decreases by this, but induction of the 
mechanical stress by thermal stress is prevented. 

[0032] With the 1st operation gestalt, from A1 point in time to A5 time is 1 cycle (T1), 
and in order to form a barrier-metal film in desired thickness, the number of times of 
predetermined should just repeat the aforementioned cycle (T1). the thickness of the 



TiN film formed in 1 cycle at this time — the [ the 1st and ] — it is adjusted by the 
process recipe of 2 source gas, purge gas, and impurity removal gas 
[0033] On the other hand, in order to prevent more clearly that an impurity (CI) is 
enclosed in a barrier-metal film (TiN) in the aforementioned 1st operation gestalt, the 
pulsing stage of impurity removal gas can be provided further. 
[0034] That is, after carrying out the pulsing of the 2nd source gas so that it may be 
illustrated by drawing 2 , where purge gas is passed all over a semiconductor 
substrate, A7 time can carry out the pulsing of the impurity removal gas from A6 
point in time, the aforementioned impurity removal gas — the [ the 1st and ] — the 
operation which reacts to the reaction time between 2 source gas with the impurity 
enclosed in the barrier-metal film (for example, reduction reaction), and makes it 
discharge outside is carried out And 10A or about 20A, and since the thickness of the 
barrier-metal film formed passing through A4 time from A1 time is very thin, impurity 
removal gas may spread easily in a film, and the reaction of an impurity and impurity 
removal gas is easy for it Therefore, after completing manufacture of a barrier-metal 
film, it becomes possible to remove an impurity (CI) compared with the conventional 
method that Flushing of impurity removal gas removes an impurity, by the barrier- 
metal film formed at least by the 1 cycle (T1) relative very small flow rate. Thus, if the 
pulsing stage of impurity removal gas is further included in the 1st operation gestalt, 
the impurity content in a barrier-metal film can be decreased further. 
[0035] NH3 gas is used as the aforementioned impurity removal gas. In such a case, 
since the matter kind of the aforementioned 2nd source gas and impurity removal gas 
is the same, it is; not necessary to add the gas supply line for impurity removal gas 
supply to the chamber of atomic-layer vacuum evaporation© equipment, and to install 
it. Namely, the pulsing of impurity removal gas adds A7 time from A6 point in time, 
and should just carry out the pulsing (refer to 1) of the 2nd source gas further at once, 
of course — the case where matter other than NH3 gas is used as impurity removal 
gas — the [ the 1st and ] — the line of a gas supply line being required which 
supplies 2 source gas is natural separately NHS by which pulsing was carried out as 
impurity removal gas all over the semiconductor substrate reacts like the impurity (CI) 
which was spread by the barrier-metal film formed passing through A4 time from A1 
time, and was contained in the film, and the following chemical formula, and makes an 
impurity (CI) discharge out of a barrier-metal film in the form of gas (HCI). 
[0036] TiNxCly(S)+NH3(g) ->TiN(s)+HCI (g) 

The aforementioned impurity removal gas is not limited only to NH3 gas, but if it is 
the matter which reacts with an impurity (CI) and can form a gas-like compound, 
anythings will be used as the aforementioned impurity removal gas, and they will deal 
in it. When matter other than NH3 is used as impurity removal gas, naturally the 
impurity (CI) contained in the barrier-metal film by different mechanism from what 
was shown with the aforementioned chemical formula is removed. 
[0037] The 2nd operation gestalt by the <2nd operation gestalt> this invention offers 



the technical means which can decrease the content of an impurity further from the 
barrier-metal film manufacture method of having used the conventional ALD method. 
Uniting, the aforementioned 2nd operation gestalt also offers the technical means 
which it not only can decrease the content of an impurity, but can raise the 
evaporation rate of a barrier-metal film. The 2nd operation gestalt is related when 
forming a TiN film as a barrier-metal film like the aforementioned 1st operation gestalt 
[0038] If drawing 3 is referred to, the 2nd operation gestalt by this invention will carry 
out loading of the semiconductor substrate (not shown) to the chamber (not shown) 
of atomic-layer vacuum evaporationo equipment first like the aforementioned 1st 
operation gestalt. And the pulsing of the 1st source gas is carried out, B-2 time 
passing purge gas all over the aforementioned semiconductor substrate from B1 point 
in time. Then, the surface topology of the whole surface of a semiconductor substrate 
adsorbs chemically [ the 1st source gas ] and physically. The time of passing purge 
gas is illustrated by drawing 3 with B1. However, when the same, it can also pass 
[ from ], it is earlier than 81, or it is [ purge gas is later than 81, ] earlier than 8-2, or 
when the same, it may be passed [ from ]. Subsequently, the 1st source gas by which 
83 time passes only purge gas all over a semiconductor substrate from 8-2 point in 
time, and it is physically adsorbed to it is removed. The pulsing of the 2nd source gas 
is carried out 84 time passing purge gas all over a semiconductor substrate from 83 
point in time, after doing so. The exterior of a chamber is made to discharge the by- 
product which passed only purge gas from 84 time all over the semiconductor 
substrate till 85 point in time to the degree, and was generated at the reaction of the 
1 st source gas and the 2nd source gas in it. Subsequently, the pulsing of the impurity 
removal gas is carried out, 86 time passing purge gas all over a semiconductor 
substrate from 85 point in time. Thus, if the pulsing of the impurity removal gas is 
carried out, an impurity will be removed from the barrier-metal film formed by the gas 
supply scheme of 81 point in time to 84 time. Then, the by-product which passed 
purge gas from 86 time all over the semiconductor substrate till 87 point in time, and 
was induced at the reaction of impurity removal gas and an impurity is discharged to 
the exterior of a chamber. Thus, the 1 st operation gestalt already explained the 
mechanism by which an impurity is removed from a barrier-metal film by carrying out 
the pulsing of the impurity removal gas. Here, the matter which can be used as the 
1st source gas, the 2nd source gas, and impurity removal gas is substantially [ as the 
case of the aforementioned 1 st operation gestalt ] the same. 
[0039] On the other hand, when the matter kind of the aforementioned 2nd source 
gas and impurity removal gas is the same, it is not necessary like the 1st operation 
gestalt to add the gas supply line for impurity removal gas supply to the chamber of 
atomic-layer vacuum evaporationo equipment, and to install it. Namely, the pulsing of 
impurity removal gas adds 86 time from 85 point in time, and should just carry out 
the pulsing (refer to II) of the 2nd source gas once again, of course — the case where 
matter other than NH3 gas is used as impurity removal gas — the [ the 1st and ] — a 



gas supply line is separately [ the line which supplies 2 source gas ] required — it is 
natural 

[0040] What is necessary is in the case of the 2nd operation gestalt by this invention, 
for from B1 point in time to B7 time to be 1 cycle (T2), and just to repeat the 
aforementioned cycle (T2), in order to form a barrier-metal film in desired thickness. 
Since this operation gestalt adds and carries out the pulsing of the impurity removal 
gas after carrying out the pulsing of the 2nd source gas, the impurity content in a 
barrier-metal film can be further decreased from before. 

[0041] On the other hand, if the process recipe to the pulsing of the 1st source gas 
and the 2nd source gas is usually adjusted even if it sets aside the impurity content in 
a barrier-metal film, it can adjust the evaporation rate of a barrier-metal film. For 
example, if the supply flow rate of the 1 st source gas and the 2nd source gas is 
adjusted with a predetermined method, the evaporation rate of a barrier-metal film 
can be made to increase. By the way, since the impurity content in a barrier-metal 
film increases in such a case, a limitation is to change the pulsing recipe of the 1st 
source gas and the 2nd source gas in the direction which raises a film evaporation 
rate. However, with this operation gestalt, since impurity removal gas is added and it 
comes to carry out pulsing even though it makes the impurity content in a barrier- 
metal film increase by adjusting the process recipe to the pulsing of the 1st source 
gas and the 2nd source gas, in order to raise a film evaporation rate even if, it 
becomes possible to raise the evaporation rate of a barrier-metal film, without making 
the content of an impurity increase, if it puts in another way — the [ the 1 st and ] — 
the regulation flexibility of the pulsing recipe of 2 source gas increases 
[0042] the above — the [ of this invention / the 1 st and ] — the case where the 
technical thought of 2 yuan by 2 operation gestalten was applied to manufacture of 
TiN of the barrier-metal film of a system was explained in detail However, the barrier- 
metal film with which this invention is applied is not limited only to a TiN film. For 
example, this invention is applicable to other manufactures of the barrier-metal film of 
a 2 yuan system of a TaN film, WN film, an AIN film, a CrN film, BN film, etc. thus, 
those to whom kind selection of the gas used as the 1 st source gas, the 2nd source 
gas, and impurity removal gas had the usual knowledge in the technical field to which 
this invention belongs when this invention was applied to the barrier-metal film 
manufacture of those other than a TiN film — obvious — it is . 
[0043] For example, when forming an AIN film as a barrier-metal film, AlClx, NH3, and 
NH3 gas can be used, respectively as the 1st source gas, the 2nd source gas, and 
impurity removal gas. of course, those to whom it had the usual knowledge that the 
1st source gas, the 2nd source gas, and impurity removal gas are not limited to this in 
the technical field to which this invention belongs — obvious — it is . 
[0044] Furthermore, this invention can be applied also to the barrier-metal film 
manufacture more than a 3 yuan system, without limiting the application field of 2 
yuan only to manufacture of the barrier-metal film of a system. For example, this 



invention is applicable also to manufacture of a TiBN film, a TaBN film, a TiAIN film, a 
TaAIN film, a TiSiN film, a TaSiN film, a TiCN film, WBN. etc. 

[0045] for example, the state where purge gas was passed all over the semiconductor 
substrate when a TiAIN film was formed as a barrier-metal film and the 
aforementioned 1 st operation gestalt was applied — the [ the 1 st source gas (for 
example, TiCI4), the 2nd source gas (for example, TMA (TriMethyl Aluminum)), and ] - 

- the pulsing of the 3 source gas (for example, NHS) can be carried out by the 
following schemes C2 time assumes the following and 1st source gas to be that to 
which the 2nd source gas was carried out from C3 point in time to C4 time, and the 
pulsing of the 3rd source gas was carried out from C5 point in time to C6 time from 
C1 point in time. 

[0046] 1 cycle is constituted, the 1st — scheme CI <=C3 <=C2 and CI <=C5 <=C2 - 

- the 2nd — scheme CI <=C3 <=C2 and C3 <=C5 <=C4 — the above schemes — the 
[ the 1st or ], if predetermined-time purge gas is passed all over a semiconductor 
substrate after carrying out the pulsing of the 3 source gas In order to form a barrier- 
metal film (TiAIN film) in desired film thickness, the aforementioned cycle is carried 
out repeatedly [ number-of-times of predetermined ]. Thus, since ALD mode and 
CVD mode will be connected like the 1st operation gestalt if the pulsing of the source 
gas is carried out by the above 1st and the 2nd scheme, a film evaporation rate can 
be raised conventionally. Furthermore, since purge gas is continued all over a 
semiconductor substrate and it comes to pass it while the pulsing of the source gas is 
carried out, in spite of connecting CVD mode, it becomes possible to maintain the 
impurity content in a barrier-metal film below to the fixed level also at the low 
temperature of a ALD process level. It unites, and after not finding the 1st like the 
aforementioned 1 st operation gestalt and carrying out the pulsing of the 3rd source 
gas, the pulsing of the impurity removal gas may be added and carried out. In such a 
case, the impurity content in a barrier-metal film can be further decreased now. 
[0047] On the other hand, since application of the aforementioned 2nd operation 
gestalt is natural to those who had the usual knowledge in the technical field to which 
this invention belongs when forming a TiAIN film as a barrier-metal film, the detailed 
explanation about this is omitted. 

[0048] 

[Effect of the Invention] Since according to the unilateral side of this invention ALD 
mode and CVD mode are combined and a barrier-metal film is formed, a film 
evaporation rate can be made to increase from the case where a barrier-metal film is 
formed only in ALD mode. And since purge gas was continued and passed all over the 
semiconductor substrate during process advance, in spite of having connected the 
mechanism of the CVD method at the mechanism and low temperature of the ALD 
method, it is eased that an impurity is enclosed in a film. 

[0049] Though a barrier-metal film is formed only in ALD mode, since according to 
other sides of this invention impurity removal gas is added and it comes to carry out 



pulsing, the flexibility which can be changed in the increase direction of a film 
evaporation rate increases the process recipe to the pulsing of source gas. If it puts 
in another way, the increase in a content of the innpurity in the film with which the 
change of a process recipe to the pulsing of source gas is also hung down will be 
eased by the additional pulsing of impurity removal gas. Thereby, even though a 
barrier-metal film forms only in ALD mode, it becomes possible to raise the 
evaporation rate of a barrier-metal film, where the increase in a content of an 
impurity is intercepted. 

[0050] The above referred to the drawing and explained the desirable operation 
gestalt over this invention in detail. However, this invention is not limited to this but 
the deformation and improvement are possible for it in the usual knowledge of a field 
for the time being within the limits of the technical thought of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a graph illustrating the gas supply scheme in the barrier-metal film 
manufacture method of having used the atomic-layer vacuum evaporationo method by 
the 1st operation gestalt of this invention. 

[Drawing 2] It is a graph illustrating other gas supply schemes in the barrier-metal film 
manufacture method of having used the atomic-layer vacuum evaporationo method by 
the 1st operation gestalt of this invention. 

[Drawing 3] It is a graph illustrating the gas supply scheme in the barrier-metal film 
manufacture method of having used the atomic-layer vacuum evaporationo method by 
the 2nd operation gestalt of this invention. 
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